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Abstract. The impact of self-heating and cavity length on the spectral emission properties of SLEDs
is investigated using a state-of-the-art simulation tool. Simulated data are compared to measurements
for two InP-based benchmark devices operating around 1300 nm, and excellent agreement is achieved in
either case.
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1. Introduction
Super-luminescent light-emitting diodes (SLEDs) are an attractive light
source in various ﬁelds of science and industry. Prominent applications are
ﬁber-optic gyroscopes for satellite navigation or optical coherence tomog-
raphy in cornea diagnostics. In most cases the market pull is towards
broad ASE spectra (where broad refers to the 3 dB bandwidth) as well
as high output power. As the physical processes that govern the device
behavior are very complex comprehensive simulation tools allowing for
electro-opto-thermal simulations are mandatory to minimize time-to-market
and development costs.
2. Device physics
2.1. electro-thermal model
The electro-thermal properties are described by a set of coupled partial
differential equations (Selberherr 1984). The electrical problem is described
elsewhere (Loeser et al. 2006); for thermal simulations the heat diffusion
equation (1) is included. It reads
ctot
∂T
∂t
−∇(κth∇T )=H, (1)
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where H denotes the heat sources considered in the model, i.e., Peltier heat,
Joule heat, and (spontaneous) recombination heat – the impact of stim-
ulated recombination on temperature is not considered. The inclusion of
temperature effects adds an additional term (μnnPn∇T ) and (μppPp∇T )
to the corresponding equations for the current densities jn and jp. The
recombination term, R, in the continuity equations can be decomposed as
R = Rspon + Rnr + RASEst , where the ﬁrst term stands for radiative
recombination, the second term denotes non-radiative recombination
(Shockley-Read-Hall, Auger) and the last term is the stimulated recombina-
tion rate due to ASE and couples the optical problem to the electro-thermal
model such that all solutions show full self-consistency.
2.2. ASE model
The ASE model accounts for the optical processes inside the device. Due
to the tensorial geometry of the devices under investigation the 3D optical
problem is decomposed into a 2D transverse and a 1D longitudinal prob-
lem. The full problem for the electric ﬁeld E inside the cavity reads
E(x,ω)+ ω
2
c2
rE(x,ω)=F(x,ω), (2)
where the spontaneous emission is modeled as a Langevin noise source.
The electric ﬁeld is then decomposed as
E(x,ω)=
∑
n
n(x, y)un(z,ω). (3)
The transverse eigenproblem for n(x, y) is solved using the Finite-Ele-
ment Method (FEM) whereas the 1D problem for un(z) is solved based
on a Green’s function approach (Henry 1986; Wenzel 2003). The stimulated
recombination rate, RASEst , can be obtained from E, and this closes the loop
between the electro-thermal and the optical problem.
2.3. gain and spontaneous emission
Optical gain and spontaneous emission are obtained with an additional
software prior to the electro-opto-thermal simulation. In a ﬁrst step the
band structure is computed using a 8 × 8k · p-method. The dephasing
rates and the resulting optical gain are calculated utilizing the second
Born approximation such that many-body effects as well as k-dependent
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Fig. 1. Temperature distribution in the simulated 2D structure (in K). The drive current density is
8 kA/cm2.
broadening are correctly being accounted for. The optical material gain is
stored in a lookup table that is accessed by the device simulator.
3. Benchmark devices and simulated structures
The results obtained from the simulation software are compared to two
existing devices manufactured by EXALOS AG (http://www.exalos.com).
In both cases it is an InP-based edge-emitting SLED operating around
1300 nm. It features low facet reﬂectivities due to special anti-reﬂection
coatings, and multi quantum-well (MQW) active regions sandwiched between
two cladding layers. One device features a cavity length of 500μm, the
other of 950μm. All simulations are carried out in 2D. The structure that
is used for simulation is shown in Fig. 1.
4. Simulation results
After a careful calibration procedure the simulator reproduces all ﬁndings
seen in electro-optical measurements. All calibration parameters, e.g., the
Auger coefﬁcient, are chosen to lie well within the range of what is reported
in literature (Piprek 2003). As the benchmark devices are identical in every
aspect but the length, the same set of material parameters is used for the
two simulations.
For further analysis the focus lies on the spectra of the devices, as these
quantities reveal more information than LI-curves (as the light power L is
an integral quantity). Figures 2 and 3 show the simulated and computed
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Fig. 2. ASE spectra for the 500μm device. Dashed lines indicate measurements, solid lines stand for
simulations. The spectra are compared for drive currents between 70 and 150mA in steps of 20mA. The
3 dB bandwidth is 32 nm in all cases.
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Fig. 3. ASE spectra for the 950μm device. Dashed lines indicate measurements, solid lines stand for
simulations. The spectra are compared for drive currents between 100 and 400mA in steps of 50mA.
The 3 dB spectral width is 21 nm for each drive current.
output spectra of the two benchmark devices. The evolution of the out-
put power level as well as the spectral shape are in excellent agreement
with measurements. It has been shown in Loeser et al. (2006) that the spec-
tral shape forms from a delicate combination of carrier distribution in the
MQWs and the spectral gain shape of a single well. The inclusion of tem-
perature effects further improves the agreement of simulated and measured
data. Both devices show a constant 3 dB bandwidth for a large range of
drive current densities. However, the position of the spectrum shifts with
increasing drive current, as shown in Fig. 4.
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Fig. 4. Position of the ASE peak wavelength for various drive currents. The upper curve describes the
behavior of the long device, the lower represents the short device.
Various physical mechanisms shift the emission spectra. An increase in
the quantum well carrier densities leads to band-ﬁlling which, together with
many-body effects, causes a blue shift of the spectrum. This effect is impor-
tant because the carrier densities in the MQW active region are not pinned –
as opposed to a laser – but change with the applied current. Bandgap nar-
rowing due to Coulomb effects causes a red shift of the spectrum with
increasing carrier population – this is included in the rigorous gain model
described in Section 2.3. Self-heating due to Joule and recombination heat
increases the device temperature and also leads to a red shift. Simulations
reveal that this is the dominant mechanism for the devices under inves-
tigation as isothermal simulations lack any red shift. Both devices show
very similar self-heating – the temperature difference in the active region of
these two devices is only a few Kelvin. However, the red shift in the long
device is more pronounced. This is because the short device shows a stron-
ger increase in the MQW carrier densities with increasing current and the
resulting blue shift compensates the temperature-induced red shift.
The following considerations focus on the impact of the cavity length
on the emission characteristics. Figure 5 shows how bandwidth and output
power evolve when the drive current density is kept constant at 7 kA/cm2
and the cavity length is increased from 500μm to 1900μm. The decrease
of the bandwidth with increasing cavity length can be attributed to the fact
that both output power and stimulated recombination increase with cavity
length. Therefore the quantum well carrier population in the long device is
smaller at the same current density. This directly translates into narrower
gain and spontaneous emission spectra. Second, the product of maximum
gain and cavity length increases with increasing cavity length, and this also
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Fig. 5. Left: 3 dB bandwidth vs. cavity length. Right: total output power vs. cavity length. For the 500
μm and 950μm cavity experimental data exists, marked with circles. The current density is kept constant
at 7 kA/cm2.
leads to narrower spectra. For SLEDs with low facet reﬂectivities the out-
put power can be computed as
P =
∫
ω
s(ω) exp(g(ω)L)dω=:S exp(GL), (4)
where s(ω) stands for a source term due to spontaneous emission, g(ω) is
the mode gain, and L denotes the cavity length. For the following S and
G indicate an effective source and effective mode gain (Talli and Adams
2003). As logP ∝(GL), the slope of a semilogarithmic plot of output power
versus cavity length is a measure for gain and accordingly for quantum
well carrier population. The decreasing slope in Fig. 5 reveals that the
long devices suffer from carrier depletion due to higher stimulated recom-
bination. This underlines the great importance of the quantum well carrier
population for overall device performance (Hybertsen et al. 2002).
5. Conclusion
Two-dimensional electro-opto-thermal simulations are carried out for trans-
verse cuts of two edge-emitting SLEDs. Simulated emission properties are
compared to measurements from two benchmark devices and excellent
agreement is achieved in either case. The spectral properties of the devices
are strongly affected by temperature and quantum well carrier population.
The analysis of the cavity length as design parameter reveals the tradeoff
between achievable output power and 3 dB bandwidth.
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